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NOTES OF THE COSm OF THE 
UNITm STATES SPACE PROGRAM 

, 

IM!FRODUCFfZON 

The purpose sf tbis paper iar t o  discuss 
certain aapeets of the costs of the United States 
Space Program. Attention -1 be concentrated an 
%he werk of the Eoational Aeponautics M d  Space 
Administratifan (NASA). The United S.t;ates Aero- 
nsutiee and Spme AcB of 1958 chmges the NASA w i t h  
the responsibility of "exercising control over aero- 
nautical and spacie aet ivi t tes  sponsored by the 
United States, except *hat ac t iv i t ies  peculiar t o  
or priB18;Fily assoaiartd wlth---defense @f the 
United States---shall be the responsibility of --- 
the Department of ~eferwe. " 

docrplslile#arts is8-d by the Government, the maJor m- 
sptmmibilities ef NASA can be summarized as: 

The developsen* of launch vehicles 
and spacecr(Ofe, and the neceseraPy 
ground support PIJfiltaw, for  nranned 
and urvaeuzned space flight. 

The exploratim of a-wce w i t h  these 
nrrsnned and unmanned spacecraft. 

Based on the Spase Aet aad the va,rious policy 

1, 

2. 

3. The appaieatien (with appropriate 
*temaWmal eooperatlm) of the 
resuXCpr of thie, apace exploration 
t o  the general welfare of InanttiEtd. 

* Associate D 3 ~ w m t s r ,  Offlee of Plans and Ppograa 
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O f  the  tsta3 Vnited States expenditWe8 in 
apaee, a b a t  two-thirds are for the NASA program. 
Met ef the remaimder is under %he jurisdiction of 
the De]g&ment sf Defense, w i t h  sizeable prwrama 
srlao oonduoted by the Atamic Egergy Cormrrlssion 
(joimttly with NASA for the developnnent of spacecraft 
notelear prfqmlerion and nuclear power generating sys- 
tems) and by the Departaent c#f Cemmepce in eonnec- 
tion w i t h  %he operation ef rneteorological space- 
crart  systems. 
program . There are V~~IQUS other corollary 

The apace flight cayatam that are wed in the 
eonduct of %he apace programs usns i s r t  of: 

4. @rca\anB baaed launch facilities 

5. Ch?ound baaed spmecraft tracking and 
collplaaunicart ion systems 

The 8mCeCPaft payload OWlSiats O f  the InStPU- 
ments op ather devices earried aboard the apace- 
e r e %  to perform the funations for  whioh the flight 
is being made. 

JZach part  of this  erpace flight system must be 
developed, t&e hrdwwe fabricated and placed in  ' operation, and then maintaaed over a given useful 
life. The useful l t f e  may be measured in minutes 
($8 in the case of a current launcth vehicle) or In 
Tears aa in the case of the spacecraft tracking 
eyatem f . In addition, contlnujs research must be 
e@nUucted t o  Improve the different p e s  of the 
8yStenI so that act ivi t ies  in space can be extended 
and so that the operations w i l l  becoae more efficient.  
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Ln this dlscusar&an Lime will not permit more 
than a lbuited look at certain phases of the costs 
of space flight opractions. The cost break-dormer 
presented will fOllQW those used by an operating 
organization and the ings will not necessarily 
follow tho t been given. MeveHhelesa 
they skoul kept in mind as the 
essential fllght system. 

Qv&Ez&r3G PROGRAM COSTS 

The NASA Space Program can be divided into f ive  
parts: 

1. Conduct of sclentific lnvestigatloner 

2. Develo ent of Appllcati&ia Space- 

in Space (Space Sciences) 

crafC r in meteorology, communications, 
navigation, etc . 1 

Space Flight Systenw. 
3. . Development and operation of Manned 

4. Construction and operation of ground 
syseents for spacecraft launching and 
for spacecraft tracking, comaand, 
and information transmission (Track- 
ing Lvfa Data Acquisition). 

5 .  Conduet of flight vehicle remareh 
and technology 

To conduct this program MBSA Qperates nine 
major stations: 
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MASA Readquart hington, D. C. 
Langley Researc 
Amem Research Ploff e t t  Field, Caliiornier 
Lewia Beeearck , Cleveland, Ohio 
Flight Eieseiweh P, Edwards A i r  Force Base, Cal. 
Wddard Spate F 
lidarehall Space 
Manned Space F1 
Jet Propulsion ow, Ptksadena, California 

The approxiglerte 
them atations and r HASA etatablishments fs, 
by czalenderr year: 

r, Langley Field, Virginia 

Center, 'Beltsville, Mryland 
t Center, Huntsville, Alabama 
Center, Houston, Texas 

er of person# employed at 

1961 1962 1963 
20,000 25,000 30,ooo* - 

A l l  etatablishments nlbh the exception of the 
Jet Propulsion Laboratory are staffed by Civil Service 
psraomel. The Je t  Propulsion Laboratory employing 
about 3000 people I s  operated under contract by the 
California Inst i tute  of Teahnology . 

About 15 percent of the MASA program l a  cur- 
rently eonducted In-house, aostly In the f i e ld  of 
flight vehicle research and technology. 
rwfficient work I s  conducted in the other-four f ie lds  
t o  insure in-howe competeme in them. 
ing 85 percent of the NASA program is conducted by 
lndutries, taniversities and non-prof it lmt i tu t ions  
under wntraet  or grants, 

and 1963 are shown in Table I.** 

However 

The remain- 

Tlae MASA budgets for f ircal  yeam 1961, 1962, 
In this  division, 

* Elsthutted 
+ m e  budget break-down In th is  and In the subsequent 
--Tables do not necessarily agree with the of f ic ia l  

MASA budget documents. rPhe 8u.w do agree. 
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costs of the spacecraft launching ground systems 
are divided among Space Sciences, Applications 
Spacecraft, and Manned Space Flight. A t  the 1963 
level it is estimated that the expenditwe w i l l  be 
about $2O,OOO per year for each of the some 20,000 
persona assigned t o  the in-house part of the pro- 
gram and abaut $350,000 per year for eaeh of the 
some 10,000 persons -signed t o  monitor the con- 
tract md grants prog~am. 

Table I shows that Space Sciences and Applica- 
tiollg Programs w i l l  a l i t t l e  more than double in 
the three year period. 
Program w i l l  increase sixfold, and the Tracking and 
D a t a  Reception and Vehicle Research and Technology 
Progra;laa about threefold. Overall, the data re- 
f l e c t  the increased importance placed on the spaee 
program by the Government of the United States. 

There ip, cemiderable choice that can be made 
i n  the awmt of money spent in the fields of Space 
Scienees and Application@ Spacecraft ana, as a 
result, in the anmunts spent in that part of 
Tracking and Data Acquisition and Vehicle Researoh 
and 'Pechnol~gy that support these p p o ~ ~ s .  With 
Manned Spaee P l iga t  because of the magnitude of 
the effor t  requ-ed and probably more imgortantlg 
because of the international aspects of mnnnd 
space fllght there is not so much choice. -!!!be 
President referred t o  this i n  his PIay 25, 1961 
Special Message t o  the Congress when he stated: 
"If we were t o  go only half way,  or reduoe our 
sights in the face of difficulty, it would be 
better not t o  go at all." 

The Manned Space Flight 

THE SPACE SCIEMCE PROGIRA# 

From thia very brief picture of the overall 
cost8 of the HASA program the Space Sciences Pro- 
gram w i l l  be exaaained In more detail .  The program 
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am be divided into five parts a8 shown in Table 
11. 
in the off ic ia l  BolbsA budget documents. Sounding 
Reakets are thoae operations in which the space- 
craft, that is the racket payload, is flown in a 
more or le0s veptieal trajectory. The tlme In 
rpsee is measured in minutes. The designation 
Seientlfie Satellites currently refers t o  those 
rrpaeecraft placed in an earth orbit  and used for  
sclentif l e  inreat3,gations. Lunar and Planetary 
Erpleration sonclista of operatiens w i t h  those 
rpreecraft uhierh are launched fram the earth into 
u 1- orbit  or  landing, into an earth orbi t  that 
passes ruffisiently close t o  the moan for  lranap 
ebaervertions, or spacecraft which are launched 
into a solar orbi t  that pames elose t o  a planet. 
ITA l a t e r  programs planetary orbits and landings w i l l  
be atteapted. 
@perations are directed toward the exploration of 
the m ~ ~ l f t  arid placnets but the spacecraft also carry 
in9truments rtor m e a s u r i n g  various oosmological and 
s o l a r  phenoraenon. 

The Launch Vehicle Development costs in 
Table I1 ewer the development of the launch 
vehicle to the mint where it is considered 
reasonably reliable.  
the launch vehicle ier Included In the appropriate 
#aFt @f the Science Program. 
reasonably reliable" l a  arbitrary and generally 

@overs the cost through about ten launchlnglsr. It 
also eovera certain product ln&wCpvement costs. 
It is interest- t o  note that the costs on Scout 
and Centaur do not show much variation in the three 
germ period and are rowghly proportional t o  the 
overall size of the vehielers. The development costa 
far Delta indicate thia is now a reliable vehicle. 
Its record of operation subertantiates th i s  statement. 
Conrstruction of f 'acil l t ies represent for  the moat 
part these ground irrstallatione at the Qoddard 
Spaae Fllght Center and at the Je t  Propulsion 

!!!he t i t l e s  l isted are these currently used 

These lunar and planetary spacecraft 

Beyond thia point the cost of 

The definition of 
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Laboratory med in conjunction with the development 
of the spacecraft and spacecraft payload and the 
laboratoriea, shops, and offices for the personnel 
(currently 1700 at 
Propnlsion Laborat 

it I s  noted that the 
. inareasing at a relatively low rate.  The prqpcrar. 
consiats of aboat 100 ahots a year. This prqgram 
can be maintained at a crhoice of levels down to. a 
f e w  shots a year. The threefold increase i n  the 
Scientlfie Satellite and Lunar and Planetary Pro- 
grams over the three year period represents an in- 
erease in the size and operational f lexibil i ty of 
the spacecraft rather than an increase in the 
rimer of launchlngs. The larger spacecraft capry 
either a greater number of experiments or permlt 
a laPger range of measupements to be made with a 
slngltt experimenL %la trend toward larger spate- 
craft with $rssr%er opmationalXy flexibility ha6 
been Quite -ked as the prograaw have increased 
in scope and garmiwe. 

3000 at the Je t  

Beturning to the our it- in Table XI, 
Rocket Program is 

choosing smaZler spacecraft and by condaet- 
ing the opepations i n  an earth orbi t  rather than 
including solar orbits a pp0gra.m i n  space scienesar 
can be conducted a t  an appreciably lower cos% than 
that; presented in Table 11, Using conventional 
l iquid p r O p e l l a S l t 8  and present state-of-the-art 
design, a three stage launch. vehicle of 30 t h s  
the ~gg88 of the spacecraft is suitable t o  launch 
the srpacecraft into a 300 mile earth orbit. To 
launch the spacecraft into a solar orbi t  trajectory 
a launch vehicle of abut four timea this size - 
120 times the spacecraft mass - is requlred. The 
relation of launch vehiele to opera%ing costa . 
will be discussed in -re detai l  l a t e r ,  
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COSTS OF A PARTICULAR PROGCRAM 

To further examine the costs of the NASA 
progpeun and t o  I l lus t ra te  the points jus t  made 
the annual expenditures fo r  the sc ien t i f ic  
s a t e l l i t e  program over the three year period are 
furthey itemized In Table 111. The International 
Sa te l l i t e  Programs UK #l and UK #2 are conducted 
joint ly  by the United Kingdom and the United States 
w i t h  me United Kingdom s-upplying the spacecraft 
payload, that is the experimental instrumentation. 
The monies shown are fo r  the United States par t  of 
the program. The Topside Sounder is conducted 
jointly by Canada (supplylng the spacecraft pay- 
load and spacecraft) and the United States, the 
costs shown being the United States contribution, 
that As the launch vehicle and launching cost. 
The snpporting research and technology program 
In  th5a table has t o  do w i t h  the development of the 
spacecraft and the spacecraft payload, largely the 
latter.  This work is conducted both In-house and 
under contract. The data in Table I11 assiat  i n  
inaFcatlng the manner In which a program at various 
funding level& m i g h t  be conducted. 

For a more detailed account of costa, Table I V  
shows a breakdown for  the two energetic particles 
sa te l l i t es .  The first of these, the S-3 Explorer 
XIZ, was successfully launched August3-'*16, 1961 and 
tranrsrnitted data back t o  earth for  112 days. 
Appendix A discusses the resul ts  procured from the 
various experimente conducted during the f l ight .  
'pht second energetic particle spacecraft is  
scheduled for  launching later t h i s  year. 
approximate cost of each of the two flights is 
$7,200,000 and $4,800,000 respectively. 
for the two flights can be divided as follows: 

The 

The to t a l  
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Part of Pregrant Fraction of Cost 

Launch vehicle 0 4 0  
0 2 0  

15 
3 
1-00 

The in-house supprt is largely that work 
condtxcted at t;he ooddard Space Flight Center by 
the G o d m  staff In support of the program. 
costs of the program do not include the analysis 
of the data and preparation of reports by the 
various experigaenters listed in Appendix A. 

The 

FACTORS dFFEoFIHQ LAVlEE VHXICLE COST 

The relative cost of the lam& vehicle'wlll 
deormwe as t&e spacecraft are provided w i t h  amre 
versati le perfbrmmce througR the incorporation of 
system8 for stabilization, attitude control, parer 
generation, pmpulsion and so forth, For Instance 
Hasd prog~ams f@r the Orbiting Solar Obsematory 
and fo r  the NiaPbus Meteorological Spacecraft *ow 
estimated launah vehicle eosts at 25 percent of 
the t o t a l  operation. 
portionally h3gher cost of the spacecraft, the 
launoh v&ieles are becoming more 'efficient" i n  
relation t o  the r a t io  of spacecraft mass to launkh 
vehicle ~~apls. 

1 

In additlon t o  the pro- 

Table V mnmuwizea the performanee of the launch 
vehicles used or scheduled f o r  use In the Spaoe 
Scieme Progpar. 
Centam. The desrreaee in the ratie o f  payload to 
launch vehicle w e i g h t  as the launch vehicle sizes 
are Increased results partly from a scale effect, 
but mere ts iapprovements in state-ef-the-& and 

A l l  are opepationarl except the 

.. 



l%e ra t io  of the rpaceeraft (lawnoh vehicle 
payload) nuus t a  the bunch vehicle mms ir pro- 
portional to t  

1, !the specific iarpulre o f  the latuleh ve- 
hicle propellan'ts, 

2, That part @f the *@tal MB)S of -oh 
lrr#neh vehicle stage that i e  propellant 
(stage pvpellan* traction) 

i!he raticp of the ma88 of each stage to 
that sf the Isubsequent rtage, 

3. 

The interrelation @f these three variables 
oan be examined with euffiaient aacuracy with two 
rimplifying W B I W L ~ ~ I O X U B ,  #rere are' (1) the r a t io  
@f the mass of each stage t o  that of- the stribaequent 
stage l a  the Isme thrwghout the system, and (2) 
all stages w e  the same propellantler apd have the 
mame rtage propellant fraation, 
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For sueh a system, it l a  reasonable t o  'we 
the relation: 

Appendix B) 

in which PL i r r  launch vehicle payload (spacecPa,ft maas) 

n im, rider of launch vehicle stages 
is ma881 of last stage of laExneh vehiole ? is ra t io  of lnaas of ea& stage to tlae 

l~ia8p1 of the subsequent stage 

Fpoar this relatiomship 

!€%e other M 
payload velaeity. 
e m t i o n  

famm of ,interest is the Injetelzed 
It is given by the ecmvemtioxml 

in which 

Total AV ia spacecraft injection veloeity 
(payload injectian veloeity) 
i t y  increase per stage 
vekie~e propellant (e-tmt) velsoity 

SC e sass at bxwnoxzt t o  stage sasa 

I s  dependent on the value of X 

at ignition 7 stage prepellant fractian = 1 -x) 
The value ofAVst 

- 

T 
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as LRsm in Figure 1. In general the value should 
,not be less than 1.0 a r  p a t e r  tkaa %ha% giving a 
ratlo.of payload t o  stage P L Q . ~  of 0.1, that I s  1.5, 
1.7 and 2.0 for  atage, propellant fractions of 0.85, 
0.90, anU 0.95 respectively. In  general for  current 
state-of -the-& relid propellant rocket the stages 
huve stage pr0pellMt fraotlonr ef 0.82 t O  0.90 and 
fer l iquid rsekets d the order af 0.gO. 

F-e 2 #hews the resulbs for 1 t o  !I irtage 
launch vehlales fer the stage pr@pellant fractions 
prerlsualy given. The p~ints labeled adcoeing t o  
r p e c l f l e  lm@r@ in reconUsr, if! read frem rlght t o  
left, reprerent remonably w e l l  the progrearr that 
ha8 b n  and l a  b in launch vehicles (oom- 
pare with Table TJmm pints represent a. 
lmarmla Into a 300 nautl&al m i l e  orbit  with a to t a l  
injuatlga'  reloelty, including loasea, of 30,000 feet 
a 88uenU. 
iaeludo chareased speclf lc iprptzlse at the lower 
altltudea of the flight path and gravlw and frlc- 
t%OBl lO8Se8, Tme i$rorepent in paqrload ra t io  In- 
dleated 16, from 0.00 t o  0.070, The l a t t e r  point 
r resentra an oxygen-hydrogen two stage r ~ ~ %  w i t h  
&t irsaiewhat greater $m LO - say 1.2. 
-5- !through advances of t h i s  mort sost  per pound of 
1auxmhb-g the rpaeeeraft bul be expected t o  de- 
erewe t@ a thi rd the cumen$ Values. 

me losses, aWut 4000 feet a leaend, 

Aa mentlened p r e r i m l y  eurrent higher oosta 
reeul t  from early atate-sf-the-art technique@ and 
frem Inadequate rtagigg raties. The effects Of in- 
adequate staging are IllusOrated in Plgure 3. In  
the figure the so l id  mrve represent eptimum design 
for a two atage vehicle elntirPated aceording t o  
Appendix 33. The broken mrves show off-deo%gn per- 
f rrraace frow the optsncsmrS a6 iadleated. A tatal  - &V of 3.0 represents i n j ee t im  into orbit  w i t h  a 
VJ 

' 1  
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specific impulse -of 310 sec. or injection into 
earth escape w i t h  '425 see, and 4.0 represents in- 
jection into earth escape w i t h  310 see. (in each 
caae iwludlng loaaes). !Phe curve Bhoner the manner 
in which a CWO stage vehicle deaigned for injection 
intQ a 300 n. e. earth srbit  (stage r a t io  6.0, 
speelfie m e  S O  sec.) ?mt--ed to inject  into 

factor of 3:l a d  in faee be- 

escape lnjecticsn has an 

8s "efficient" than the ogtSaw& de- 

eurve a 8 0  sham that 8 I& 
s of l .3rl  if wed fQr the earth 

orbiting inje&t;iQn. Launch vehicles COMtrUCted 
througa a&ptationa of rocket motors buil t  fo r  other 
purp@sss are apt t o  result In inadequately staged 
combinations . 

Additional launeh vehicle inforasrtion s o m  
in F%gure 4 In which curves are shown for&t)$ of 
1.0 8TLa 1.5. ?%e curve8 i l l u s t r a t e  the manner in 
nhi stage8 t o  earth &hi% or t o  

ape and in stage pmpellant fractior;.* 
Ade ion on the relation of We nuuiber- 
of la-& vehicle stages t o  operational r e l i ab i l i t y  
and the factors cont~olling thiar number is not too 
satisiaetorg, but the Information exiarting ahsuld, be 
considered very carefully by sny gpoup start3ng de- 
velopment of latmeh vehicles. 

rsed by ;i.laprovawnts ia W l l a n t  

All launch vehicles used to  date by the 
United States employ prop'talsion aystem originally 
developed fer other purposes. ThAs has inevitably 
r e s a t e d  in mismatching 820 far a8 a t e e  ra t ios  are 
conqerned and haa resulted in certain cases in per- . 

fo-ee apprwehing marginal conditions. ' This aitua- 
t lon leads t o  higher eotrts per pound of spacewa,$t 

* It is noted that the ps-t 
for a 2-stage vehicle w i t h  
alss represents the 
t o  launch vethiole =sa r a t io  for a 
s w l e  rstage with X = 0.95 and a 465 88% 
SpecUie Iaqm3se. 

- 
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laambed. Hawever, it a8t be remember& t&at thi8  
m l ~ i p l e  tile of propulelen wrtglarr leaar aloe t o  in- 
areared re l iab i l i ty  uhiah can m@re *ham juratif'y this 
athemine tansatirfaeta- eanprgniere 

TRACKIMG naD DATA ACWISfiIOH 

Tlae ptzrposre of the XASA Spaceerait Traoklng and 
D a b  A m p i s i t i m  $pta is t o  provide the fol lming 
serviees fer a l l  spaaesraf't In p;bi9 BASA flight pro- 
gram: 

1. Determination of rpaoearaft orbits and 
trajectories.  

2. T r ~ ~ i s r i o n  of chr*manrls t o  the sgeroecraft. 

3. Reception of Infomution trsmslaitted from 
the spaaeoraft . 
(data) . - 4. Precessing of the reoeired'lnformation 

The (R.aekl& and Data Aoqrsieition Sys%em 18 
divided into three sategorier t 

1. Satellite nstwerk fer spacecraft travelling 
in near-earth 0rbitm. 

2. 

3. Manned spacecraft. 

Sirree rpaaeoraft trarellirrg near the earth pasr 
rapidly aor088 the ground r~takian f i e l d  of view many 
awh rtattioas are needed, FFigc;nrre 5 .  
ased with e-icatIen8 and netewological spa~e- 
or& mt have the abi l i ty  00 handle large v@lUmes 
of zWlia data. 

Deep apaae netmrk fer rpaaecrait travelling 
at er t o  great distances froja the earth. 

The stations 

Stations for lunar and planetary 

. 



distanaea require powerful antenna8 and senraitive re= 
ceivers, but contact tlmes between spacecraft and 
ground station we inoreased because %he dlreetlon 
of travel is mre along the line of s w t  than 
across it. baanned spaee flie;ht require8 contisamotla 

a high degree' of re1 i t y  0 

peration, and 
maintenance ld w i i *  spaoe.craft 
and data aQ;qu%sition aystgm l a  rakswrm i n  Table VI. 

The N e t w g r k  Operatiorrss are divided into f ive 

Aa a rough estlPBbLte, the lgulned flight netwsrk 

major headma, Table VIL 

system acc~unts  fer about hslf of the to t a l  ec~ets. 

A n  3qtorbant QuLd enwuragiag faat cemaernlng 
these tracklng and Uata acquisition system is that 
B world wide system through appropriate tlmlng BuLd 
coordinatian can meet the needs of mhny progrartis' con- 
duceed by mamy na%ioner' or by several groups of narti@m. 

~ 

It is the policy of the United States ta supply such 
cooperation in the use of its tracking and data ae- 
quisition networlca . 

LAUNCH FACILITXES 

mueh on the location of the f a c i l i t i e s  and the number 
of' facil i t ieB at ea& location. These will not be 
disoyssed here other than t o  list the approx-te 
msta in Table VIII. 
facllltiesr, s u a  as service bulldirrgs, et&, will add 
about ten p r e e n t  t o  thesre f'igw?eso 

The coat of launch facility installations depends 

Necessary adjumts t o  the 
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FLIt3BT RESWa UQD TEG);IIQOWY 

'Bae HASA pxwgrtun fop fl-t vehicle rtreareh 
and te&~lqm Sr erieated towcu?do maelear energy 
rppliaationd a8 ahwn in Table IT. The large in- 
areme ia Conartmotion of fsQitlitier in 1963 IB fo r  
the -st part Paodermizcrtion @f the In-howe aarpr- 
bili%ie6 af  the Bearearch Centerr t e  meet the Spaoe 
needr. 
mmier are i0r rerearch and teohnolog.Jf in the appli- 
eat- e t  nuclear emem t o  apaeecraft pr~pulrion 
and pewer generation. 
a b a i l e r  apply oily indirectly te  the space effort .  

Ex9ejat for thl8 inorease a b u t  half the 

The rwps for  sircraft and 

COBcLUDI#c) RExAEm 

This very brief 
ha8 given 8 pleture sf the manner In whl&* the cost6 
@f the IOASA program %re divided inta the d'lfferent 
@atcsgorics and prsgrams. 
of' this dlsarraral~n t o  give a oertain feel for  the 4% 

manner in whlah a spaee prcbgran oan be taflored t o  
fit different nee-. One f a o t  lr  perrtioUarly evident 
l r i  all dimrcussions of' space f l igh t  costs, namely, 
that the IzPagnltude ef the erf@rtPi re&red for ade- 
qw&e exploratiQn and w e  of Space requires that 
Internatlorial eooperat;ion reaoh a level that has 
not prerimsly existed in Mnta eonquest for knowledge. 

of rpaee program oests 

It ha8 a la s  been the intent 
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TABLE I 

Space Sclenoee 

Appllcatlons Spacecraft 

Manned Space Flight 

Tracking and Data 

Vehicle ReseaPd and 

Reeepelon 

Technology 

73 125 

I~ i8cal  Pear 
2As recomaeaded by the President, Includes 

1962 Supplemental 

1672 

FY 19632 

570 
140 

2507 

23.3 

513 
3943 



SPACE SCIENCES ABMWfi BUDCtETS 
'ira $1;000,000 

I-%&. Fp 1962; Fp 1963 
i 

Science Prograw 

SOUndlng Rockets 12.3 ;14.3 19.2 
Scientific Satellites 54:% 117'.6 - 175 2 
L u m z  and Plane-hsry 
lWplorat ion 91.0 170.0 273.6 

Tatsal Program8 157.7 .. 1303 . 9 468.0 

soaut 9.7 8.2 8.9 
Lam Vehiole Development 

10.5 2.9 03 

64.7 65.8 75.7 
T ~ % a l  Launoh 

04..9 * 76.9 84.9 Vehicle Development - 
Conatm.wtion of Facilities I L7.0 17.7 

'Eexal 24216 37&. 8 552.9 
16.6 

!eQ!l?AL B9.6 396-5 569 5 
- 



Suppoptlng Researah 
Techaologp 

Fligh% PrograBls 

Orbital QeophyaicEi Observatory 
Orbital Astronolprical Obsematory 
Orbital Solar Obaervatsry 
Orbital Solrar Observatory 
Advaneed Orbital Solar Obaemtorg 
Topside Sounder 
Ionosphere Mon%tor 
Geoprobes 
Energetic Particles Satellite 
Atm@spherie StmWm?e Satellite 
Biological ExperIJwnt 
International Satellite IJX 
International Satellite l3lC 
Other Internatlogal Satelliter 
Isnosphez%? Direct Meabureaant 

Mleromet eroid Sat ell l t e  
Qnnran Ray Astronaorgf Satellite 
Electron Density WofQa probe 
Ionosphere Beaten Satellite 

s 

% 
S a t  ell ite 

13.0 

5.4 
7.5 
1.1 
2.8 
4.8 

3.1 
3.5 
0.2 
2.7 
01 

2.0 
249 
1.6 
1.6 
2-0 1 

54.4 

w.0 33.7 

28.2 
32.4 
1.9 
2.3 
0.3 
12.0 

2.1 
1.8 
2.1 
3.6 
1.7 

0.1 
4.5 

1.5 

58.6 
45 07 
0.9 
2.9 
11.7 
0.9 
3.0 
4.4 

3.6 
0.0 3 

3*4 

* * z  0 .  

5.2 
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TILBLE V 

- .~ 

P A Y L O A D  
30s a . m i .  optbit Escap 

L $ Launch k -* 
Vehlale Lber. Vehicle lgaaa Lbs. Vehic l e  l!lasa 

$eout 

Delta 

Thor-Agena 

A t  la8 -Age= 

Centaur 

110,Ooo 

i20,ooo 1600 

0.4 

0.5 60 0.w 
1.3 

1.8 750 0.3 
2.8 2300 0s 

I -; 



TABLE VI 

TRACKI#G) lawD DATA ACQUISITION ABTNUfi BJDQETS 
in $1,000,000 

Syrstenrla Developnent 

dletwerk Operat lorn 

Haintermnee and Ekpanalon 

Conetruat Ion af Farell it ies 

I .  TOTAL 

FYlg61 El1962 

24.1 55.4 
8.7 26.4 

11.5 13.0 

29.0 31.0 

73.3 =5*8 

1963 
16.0 

67.8 

74.6 

55.0 

213.4 





TABLE VI1 

NETWORK OPERATIONS ANNUAL BUDGETS 
In $1,000,000 

Earth  Sa te l l i t e  Network 

Deep Space Network 

Manned Space Flight Network 

Network Communlcat Ions 

Data Processing 

m1961 m1%2 J7Y1963 

9.7 11.4 17.8 

4.2 7.0 9.3 

6.9 12.3 13.2 

- 3.0 - 2.0 3.5 

0.3 22.7 24.0 

24.1 55.4 67.8 



FY 1961 

Spacec 27.1 

Launch Vehicle Technol 13.9 
Launch Operations Developanent 0.1 

Nuclear Thermal. Propulsion 25.1 

Nuclear Electric Propulaion 7-1 
SpacecraFt Power Generation 8.9 
Chemical Propulsion 11.9 

Aircrrrft aad Missiles 37.9 
20.0 - CQnrstrucrtl#m of Facilltiss 

TOTAL 152.0 

37.1 
23.1 
1.8 
50.2 
17.6 
14.6 
33.2 
41.5 
20.1 

239 2 

- 

54.1 

31 .? 

21.5 

123.0 

30.5 
20.2 

65.0 
52.6 
114 . 0 - 
512.6 
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S result8 on the nabwe of 

energetic partic 

been gained f r o m  a pm 

back t o  Earth,bg the S-3 ~paoecraft, or Explorer III 
Energetio Partisles Satellite. 

h*r  gnPnetic field have 

look at data transrittd 

%he spaeesraft u m  launched August 15, 1961 rmm 
Cape C a ~ v e r a l ,  Florida into a highly e l l i p t i ca l  orbit 

ranging f r o m  a distanee of 18a statute  miles t o  48,000 
statute  railes. I a ' l t e  112 days of tranrsllllission life it 

orbited the earth each 26.5 hours. More than 80 percent 

of its t r a ~ m i s s i o n  data was stored on m e t i c  tape; it 

sent baek t o  earth more data than a l l  previously launched 

earth satellites, 

Cause qf the failure i a  still under investigation. 

It ceased transmitting on December 6, 

E3g)eriaaents carried on board included: 

Am8 Researeh Center of HASArr Proton 

analwer experlnnt by Dr, Elchel Mer.  

University of Hew R8mpshiret Ilagaetometer 
experiment by Dr. Laurence C a h i l l ,  

. .  
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i 

Qoddard Space Pl lght  Cater,  Ih?eenbU, M: 
Dr, Prank B, MaIknald, oos]Pie ray experhont; 

Xr, Leo Davis, ion eleetron detector experiment; 

Md 'Qerald W, Longanecker, solar c e l l  experinsent. 

"Phe pro$ect was under ths overall m o m e n t  

of mddard Space Sllght Center, 

MASA 8aid i t 8  study of the data has s h o r m l ~ a t  all 

experlmm*s worked as designed wlthout trouble, and the 

spacecrut represents one of the most rucoessfU flown 

t o  date beuause it was able to  measwe siantltansously 

partlolegopulatlons and their  relations with the 

gooa8@letic f le ld,  

8 "  

Ql-flcant findings of the spaoecraft announced 

af te r  l A S A  held a 8cisntlflc SympOS%Un at Qoddard Space 

B l i g h t  Ce&sr, attended by more than 250 sclentistrr, 

lnalude: 

2, The picture of the'nmggnetosphere (V8n Allen 

Radiation Belts), previously thought as two diatlnct 

d O u g h n U + h l t s  surrounding tho earth exaept at  %e pole8 

. .  . 
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has chan&~d. Explorer XI1 flndlngs RQW indicate there is 

not a d i s t i n o t  inner and-oute~  bel t  but rather one ba I/ - 

trapplng region .with particles hav- different crharmter- 

ietics.  Phyrrleaxly, it ears t 
, 

i 

a. A t  13 radii ( f r o m  the center of 
th8 e&h) the high energy protons In the 

tens of #EIT range. 

b. A t  3 earth radii there are low energy 

togar are cow e In Intensity t o  the electrons. 

These constitute the largeat enePgy den83.t~ of 

any energetic 

magnetosphere, having a Uenslty running as high 
a measurd in  the outer 

as l/lO of the earth's m e t i c  field 8ensity. 
intensity exceeded 10 8 ,protons per am2/ 

secoad. 

than 100 KEV depending on position in  the magneto- 

sphere. 

Average energy la about 400 XBV to  leos  

c. A t  4 earth radU (the aldcr~ concept of the 

outer belt)  the penetrating componenta are protoas 

of 20 and/or electpons of 2 m. bs t  l u e l y  

the electrons arcr in the maJO~it& 
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6. A t  6 earth radii and out t o  th8 outer ewe  

of the mgnetosphere (which varies f r o m  bafr t o  bay 

but i s  about 8 t o  12 iarth radi i )  there are aoft  
electsone In the tens of KEV, 

Past aatellite and space probe measurements have been 
. 

interpreted as showing that the intensity of electrons 

with e n e m  above 40 SSV In the heart or the outer zone wae 

about 10l1 partic168 per 02 per second. 

of Iowa eqperlments showed that the previous Interpretations 

had been h e 8  on invalid aasw3ptions about the electron 

~pectmm, and that the Intensity i s  only of the order of 
lo8 parrtlcles per em2 per second, a faetor of one thousand 

lower than tho previous eetlmates. It should be noted that 

th i s  result does not Indicate any decrease i n  the radiation 

hazard In thia region, 

2. A magnetometer furnished by the Univerrity 

State University 

0 

of Hew EIawpshire did not show evidence of the ring current 

previously reported by Pioneer v uid m l o r e r  VI at 6 to  7 

earth radii during the relatively quiet magnetic period in 

A u g u s t .  Erplorer X bid not find evidence of this current 

either, 
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Importantly, Explorer XI1 magnetonmtera fotmd out that 

in gena-al i t 8  nagnetie iield'measumments agme w i t h  those 

which have been W e  e&th stationrr, However, at 
about 10 earth rad= the magnetonketer BLLd partlole memure- 

ment devices found that the geomagnetic f leld dliea, mat, 

and from there apbearb t o  be a turbuleqt alpca about 100 

kilometers thick before the interplanetary medim 3.8 en- 

countered, Field intensity here i o  on the orddr of 60 

gama8 ooarperrcrd w i t h  about 57,000 gammas on the earth's 

aprfacre, 

a 

A c0-c ray dlcperircanf by Ih?. Frank B, McDonald re- 

vealed that there are more solar proton events 00- froan 

the 8un than previously thought, However, there are s m a l l  

event8 and apparently represent no problem t o  man in space, 
The cxperiarsnt, for the first tirs, got a more detailed 

picture of proton eventb and provided a contiauous tlae 

picture of protona leaving the sun a W  conking to earth, 

When these values me put I n t o  a andel, it is fe l t  that 

a much better pIctwL.6 of the interplanetary medium will 

be the result, 

lhn&qg September, them were aeveral flares en the 

sun uhicb generates pmton8 whioh subsequently reached 
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. .  

Explore* III. 
studied ~+&plo re r  XII and In$= I. 

enereetie protons within, a few ho&s after the f l a r e  as 

One of these events on September 28 was 

~phe sa t e l l i t e s  aaw 

they travelled with velocities around 10,000 km per second 

straight from the bun to the earth, 

protons $&en died away In about five hours. 

The intensity of these 

Abut two dafrs 

af ter  the solar f la re  both aa te l l i t es  saw a sudden increase 

in the ijrrtensity of low energy (about 10 MEV) protons at 

mwh the same tlme that a aagnetic $tom began on the earth, 

during whieh there were bright aurora at  low alt i tudes 

( this  wa8 observed in Washington) , 

the low energy protons travelled'slowly from the sun with 

a magnetic s tom cloud, although the exact relation is as 

It is conclucled that 

yet unknown. 

A low-energy proton analyzer by Dr, Bader measured 

particles from 100 EV t o  20 KEF. No such particles .were 

found below 10 earth radii. The Instrument also showed 

that at 10 to  13 earth radii the protons case f r o m  random 

d%reet&ons, which gave further support that  there Is a 

transition region between the aapetosphere region and the 

interplanetary medium, 

I&. LQnganecker's experlnent consisted of four bank8 
of cella. One bank was not protected and the others had 
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show8 that the d,.use wa8 doao by prottxm in the Xw lEEp 

i 



For a aultistage rocket in which speoifie impulse and ~ 8 s  
r a t io  of aU. stages we respectively equal, maximum velocity 
increase is obtairred w i t h  eqyal tstal rtage ratior.  

I IJLLLSI Individual atage at ignition 
Subscript n, n-1, etc. stage e e r  
PL mass fina7 payloaa 
X Ratio mas8 individual rtage at 

burnout t o  mass individual stage 
at ignition (stage propellant fraction = 1 -x) 

reaPraLnging: 

x(%2 + %PL-#,~PL) = %~%PL-%-~PL 

f o r  finite values o i  X other than o w :  

%2 + HnpL-5-1 PL = 0 

or : 

1 

% 
Definition of term: 

Stage Propellant Fraction = 1 -X 

Stage Ratio = %-i 

Vehicle BWs - W 1  + % ---- + %-1 + % 

- 
% 

Total Xias@ at Launoh - + 5 ---- &-l + N# + PL 
Figures B-1 mi3 B-2 &ow representative results. 
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